Purpose: On the basis of evidence, we aimed to reevaluate the necessity of the empirical proton pump inhibitor (PPI) trial for children with suspected gastroesophageal reflux disease (GERD). Methods: We analyzed the frequency of GERD in 85 school-age children with gastroesophageal reflux (GER) symptoms, who received 24-hour esophageal pH monitoring and/or upper endoscopy. According to the reflux index (RI), the children were classified into normal (RI <5%), intermediate (5%≤ RI <10%), or abnormal (RI ≥10%) groups. Results: Fifty six were female and 29 were male. Their mean age was 12.6±0.5 (±standard deviation) years (range: 6.8-18.6). The RI analysis showed that the normal group included 76 patients (89.4%), the intermediate group included 6 patients (7.1%), and the abnormal group included 3 patients (3.5%). The DeMeester score was 5.93±4.65, 14.68±7.86 and 40.37±12.96 for the normal, intermediate and abnormal group, respectively (p=0.001). The longest reflux time was 5.56±6.00 minutes, 9.53±7.84 minutes, and 19.46±8.35 minutes in the normal, intermediate, and abnormal group, respectively (p=0.031). Endoscopic findings showed reflux esophagitis in 7 patients. On the basis of the Los Angeles Classification of Esophagitis, 5 of these patients were included in group A, 1 patient, in group B and 1 patient, in group C. Conclusion: The incidence of GERD was very low in school-age children with GER symptoms. Therefore, injudicious diagnostic PPI trials would be postponed until the actual prevalence of GERD is verified in future prospective studies.
INTRODUCTION
Recently, a new pediatric gastroesophageal reflux (GER) clinical practice guideline recommended an empirical trial with proton pump inhibitors (PPI) as a diagnostic approach in children with GER symptoms [1] . The guideline was a joint recommendation by the North American Society of Pediatric Gastroenterology and the European Society for Paediatric Gastroenterology Hepatology and Nutrition. The inclusion of a PPI trial is an important difference from the organizations' 2009 version [2] . The new guideline is also similar to an older recommendation for the diagnosis of gastroesophageal reflux disease (GERD) in adults with GER symptoms [3] . The PPI trial for adults had a moderate sensitivity to GERD ranging from 78 to 83% [4, 5] ; however, the new guideline for children had fewer reference studies, and the grade of recommendation was weak because of the lower strength of the evidence [1] .
Although the new guideline suggests PPI trials in children with suspected GERD in whom diet and lifestyle modification had failed [1] , it can result in the abuse of PPIs [6] . In Belgian children, the prescribed volume of PPIs increased from 3,472 daily doses per month in January 1997 to 103,926 daily doses per month in June 2009 [7] . Although PPI use had not been definitely correlated with adverse effects, it can cause various side effects and complications [6, 8] .
The authors found a very low prevalence of GERD in children with GER symptoms who had visited a pediatric gastroenterology center and tried to analyze the actual prevalence in a pediatric gastroenterology motility center. On the basis of the evidence obtained from this study, we question whether PPI trials are justified for the diagnosis of GERD in school-age children with GER symptoms without other underlying diseases.
MATERIALS AND METHODS

Inclusion and exclusion criteria
We retrospectively enrolled 104 children who had GER symptoms and who were tested using ambulatory 24-hour esophageal pH monitoring (Orion II; Medical Measurement System, Enschede, Netherlands) and/or upper endoscopy at Jeju National University Hospital, South Korea, between September 2006 and June 2018. GER symptoms included vomiting, nausea, regurgitation, dyspepsia, chest discomfort, and chronic cough. Dyspepsia was defined as a symptom complex that included nausea, vomiting, regurgitation, epigastric bloating or epigastric pain, and chest discomfort. We could not define the typical GERD symptoms in the school-age children. Patients with underlying diseases, such as cerebral palsy, and younger children (infants, toddlers, and preschool age children attending kindergarten) were excluded. Ultimately, 85 school-age children were included in this study. Most of these children had already undertaken management with lifestyle change and dietary education in the primary or secondary medical organization.
Demographic data collection
Clinical data collected included demographic information, GER symptoms, endoscopic findings, and the results of the ambulatory 24-hour esophageal pH monitoring. Grading reflux esophagitis by endoscopy was based on the Los Angeles Classification of Esophagitis [9] . Most patients began esophageal pH monitoring in the late afternoon following their morning endoscopy. The pH probe was placed at a level 3 vertebrae above the diaphragm. Reflux index (RI), DeMeester score, and the duration of the longest reflux were included as pH monitoring parameters. Other parameters including symptom index, symptom sensitivity index, and symptom association probability were not included. These are parameters that show the coincidence or relationship between symptoms and reflux episodes on the machine. The RI was defined as the percentage of time with pHs below 4.0 over the course of the entire monitoring [10] . According to the RI, patients were classified into the three groups: normal (RI <5%), intermediate (5%≤ RI <10%), and abnormal (RI ≥10%) [11] . The DeMeester score is a complex scoring system and consists of: (1) the total number of reflux episodes, (2) the % total time that the esophageal pH was <4, (3) the % upright time that the esophageal pH was <4, (4) the supine time that the esophageal pH was <4, (5) the number of reflux episodes ≥5 minutes, and (6) the longest reflux episode (minutes) [12] .
Statistical analysis
This study was a cross-sectional study with a high numeric difference among the three groups (Table 1) [9] [10] [11] . The Kruskal-Wallis test was used for statistical analyses. A p-value<0.05 was considered statistically significant.
RESULTS
Demographic and clinical characteristics
Among the 85 school-age children with GER symptoms, 57 patients were female and 28 were male, with a mean age of 12.6±0.5 (±standard deviation [SD]) years (range: 6.8-18.6). A few patients who had been taking histamine-2 receptor antagonists or PPIs when they visited our hospital stopped taking the medication at least 7 days before the endoscopy and esophageal pH monitoring. Authors did not performed any diagnostic PPI trial in all patients. The most common GER symtoms were dyspepsia, vomiting, nausea, chest discomfort, and regurgitation. Heartburn was not found in any of the cases (Table 1) [9] [10] [11] .
Reflux index
The RI analysis showed that the normal group (RI <5%) included 76 patients (89.4%), the intermediate group (5%≤ RI <10%) included 6 patients (7.1%), and the abnormal group (RI ≥10%) included 3 patients (3.5%) ( 
Values are presented as number (%), number only, or mean±standard deviation. GER: gastroesophageal reflux, RI: reflux index. *The percentage of time with pHs below 4.0 over the total monitoring time [10, 11] .
† Los Angeles classifications. Includes Group A defined as one (or more) mucosal breaks with length <5 mm; Group B defined as two and one (or more) mucosal breaks with length >5 mm, Group C defined as fusions of adjacent ulcers and not circumferential, and Group D defined as circumferential ulcers [9] .
Endoscopic findings
Endoscopy was performed in 66 (77.6%) of the 85 patients. Endoscopic findings showed that reflux esophagitis was detected in 7 patients (8.2%). On the basis of the Los Angeles Classification of Esophagitis, 5 of these patients were included in group A (5.8%), 1 patient, in group B (1.2%) and 1 patient, in group C (1.2%) (Table 1) [9] [10] [11] . The patient in Los Angeles Group C had been complaining about recurrent rumination after bullying by classmates at his school.
Symtom index, symtom sensitivity index, and symtom association probability
These three parameters could not be analyzed because of the many missed recordings by the patients. 
DeMeester score and longest reflux time
DISCUSSION
This study enrolled school-age children only. We excluded infants, toddlers, and preschoolage children, because endoscopy and esophageal pH monitoring are more invasive in these children than in school-age children. Most patients were transferred to a single tertiary center from a primary or secondary medical organization. Eighty-five school-age children were enrolled for 12 years. This study included only 7 children per year at a single tertiary center. Most of these children had already undertaken management with lifestyle change and dietary education in the primary or secondary medical organization. Most children with functional dyspepsia, which is prevalent and needed to be differentiated from GERD, were excluded as they had no further problems after reassurance or lifestyle change and dietary education. PPI trials can be abused in the management of functional dyspepsia. Esophageal pH monitoring was not performed in most patients with functional dyspepsia. In this study, the prevalence of GERD was low in the strictly selected children with GER symptoms. Thus, we suggest that diagnostic PPI trials must be postponed until the actual prevalence of GERD is verified in future well-designed prospective studies for children with GER symptoms. [10, 11] .
† Kruskal-Wallis test. ‡ The parameters that constitute the DeMeester score include: (1) the total number of reflux episodes, (2) the % total time that the esophageal pH was <4, (3) the % upright time that the esophageal pH was <4, (4) the supine time that the esophageal pH was <4, (5) the number of reflux episodes ≥5 minutes, and (6) the longest reflux episode (minutes) [12] .
This study revealed a very low GERD prevalence (3%) in the abnormal group (or 10% when combining the intermediate and abnormal groups) among school-age children with GER symptoms without other underlying diseases. Most patients were tested using endoscopy and ambulatory 24-hour esophageal pH monitoring. Despite many studies in adults [4, 5] , there have been no studies regarding the prevalence of GERD in children with GER symptoms without other underlying diseases in pediatric gastrointestinal motility centers. This prevalence is very important evidence to help determine whether PPI trials for the diagnosis of GERD are justified.
When comparing cost with effectiveness, the new guideline for children may be acceptable only in selected cases, such as cases of developed countries, where the costs for tests is extremely high. Patients in the USA spend $3,870 for an upper endoscopy [13] , whereas those in Korea spend only $40, and the cost of Bravo 48 hour pH monitoring for patients in the USA is $1,569 [14] , whereas in Korea the cost of 24-hour pH monitoring is only $88. Despite the cost-effectiveness issues, PPI abuse can still occur. The diagnostic PPI trial for children with suspected GERD can infrequently cause serious adverse effects and PPI abuse [6, 15, 16] .
DeMeester scores were significantly different between groups in this study (p=0.001) ( Table 2 ) [10] [11] [12] . The cutoff value for DeMeester scores indicates that GERD has been well defined in adults [17] ; however, it has not been well defined in children [18] .
In this study, the prevalence of reflux esophagitis by endoscopy (8.2%) was very low in school-age children with GER symptoms without other underlying diseases. In contrast to this study, Yang et al. [19] , reported a higher prevalence (37.7%) of reflux esophagitis in Korean children who underwent esophagogastroduodenoscopy for diagnostic reasons. There was no information regarding the distribution of reflux esophagitis grades in that study. In our study, four children showed reflux esophagitis in group A, even though they had a normal RI in the pH monitoring (Table 1) [9] [10] [11] . This might be overdiagnosis by endoscopy because the reflux esophagitis in group A can be confused with normal findings. Otherwise, this might be underdiagnosis by pH monitoring because the test can restrict the lifestyle and dietary habits of patients.
Endoscopy has a lower sensitivity for the diagnosis of GERD in adults and children, because the test cannot detect non-erosive reflux disease of GERD [1, 20, 21] . Nonetheless, 24-hour esophageal pH monitoring is the gold standard for establishing the presence of pathologic acid reflux even though the absolute cutoff value of acid reflux had not been completely defined in children with the exception of infants [11, 22] .
In children, typical GERD symptoms are difficult to differentiate from other symptoms even at the tertiary center. Heartburn was not detected in the children with GER symptoms in this study. The PPI trial for 4-8 weeks can cause PPI abuse and delayed diagnosis. According to the guideline, PPI trials can be abused in primary and secondary medical organizations. In adults, PPI trials can be acceptable for patients with GERD symptoms because of easy recognition of GERD symptoms and the prevalence of true GERD of >80% in the esophageal pH monitoring in these patients. The new guideline did not provide evidence of the effectiveness of PPI trials because of the absence of reports on the prevalence of true GERD in children with GER symptoms. The guideline does not indicate whether the recommendation of PPI trial without evidence was based on the issue of safety or extremely high costs of endoscopy and esophageal pH monitoring. In view of the safety during endoscopy, infants and preschool-age children were excluded in this study. Even in childen with GER sypmtoms that are unresponsive to lifestyle change and dietary education, accurate diagnosis could be preferred to PPI trial. This study has a few limitations as a retrospective and single-center study. First, the definition of RI might be incomplete, because the absolute cutoff value of acid reflux for esophageal pH monitoring had not been reported in children [1, 10] . However, the prevalence in both the intermediate and abnormal acid reflux groups was very low, and an underdiagnosis of GERD might not occur. Second, the rate of diagnosis of GERD by esophageal pH monitoring might decrease as the test can be uncomfortable and restrict the patients' usual lifestyle. Third, other parameters such as symptom index, symptom sensitivity index, and symptomassociation probability could not be analyzed because of the many missed recordings by the patients, which is a general problem when studying GERD in children [1, 2] , in contrast to studying GERD in adults [23] . Fourth, as impedance monitoring was not performed in this study, we could not analyze weak acid and alkali refluxes in the patients.
In conclusion, the real prevalence of GERD in school-age children with GER symptoms might be low. This study has a limitation due to its retrospective nature. To avoid PPI abuse, diagnostic PPI trials must be postponed until the actual prevalence of GERD is verified in future well-designed prospective studies for children with GER symptoms.
